Objectives-Complications after AAA repair resulting in re-intervention increase mortality risk, but have not been well-studied. Mortality after re-intervention is termed failure to rescue and may reflect differences related to quality management of the complication. This study describes the relationship between reoperation and mortality, and examines the effect of physician specialty on re-intervention rates and failure to rescue after AAA repair.
INTRODUCTION
The relationship between major complications requiring re-operation and mortality after abdominal aortic aneurysm (AAA) repair has not been reported in the endovascular era. While many factors such as physician specialty, endovascular approach, and treatment in high-volume centers (1-6) have been associated with improved mortality after AAA repair, it is unclear if improved mortality rates reflect reduced complication rates or more effective management of these complications. The concept of "failure to rescue," defined as early mortality after complications, is gaining importance in the literature as a marker of surgical quality. The impact of physician factors on failure to rescue for vascular procedures has not been investigated. This study describes the relationship between major complications requiring re-operation and mortality, and examines the effect of physician specialty on failure to rescue after open aneurysm repair (OAR) and endovascular aneurysm repair (EVAR).
METHODS
After obtaining institutional approval, a 5% random sample of Medicare beneficiaries was obtained from the Centers for Medicare & Medicaid Services (CMS) through the Chronic Condition Data Warehouse (CCW) for the years 2004 -2006 . Inpatient files, outpatient files, and denominator files were available. Each record contained demographics, physician and hospital identifiers, and diagnosis and procedure codes as classified by the International Classification of Diseases, 9 th Clinical Modification (ICD-9, CM).
Data was extracted for all patients undergoing surgical treatment for intact AAA (ICD 9-CM codes 441.4, 441.9) between 1/1/05 and 12/31/06 who had been continuously enrolled in Medicare Part A and Part B for at least 365 days prior to the date of the index procedure to allow full characterization of baseline co-morbidities. Only patients with a procedural code for OAR or EVAR during the index hospitalization (codes 38.34, 38.44, 38.64, 39.52, 39.71) were included in the cohort. Ruptured aneurysms (441.3) were excluded, as were aneurysm diagnoses without an associated treatment code. Also excluded were those with incomplete enrollment in Medicare Part A and B for 12 months preceding surgery, enrollment in a Medicare HMO, or having railroad benefits at any time from entry into Medicare through 12/31/2006.
Patient demographic data collected included age, sex, race, and eligibility for Medicaid during the study period. Patient risk adjustment was estimated using the Centers for Medicare and Medicaid Services -Hierarchical Condition Categories (HCC) scale. This measure uses inpatient and ambulatory claims in the baseline year (2004) to calculate predicted expenditures, and is a validated reflection of the presence and complexity of medical comorbidities (7) . A score of 1 represents the predicted cost of an average Medicare patient. Treatment variables included type of AAA repair, yearly hospital AAA repair volume, and operating physician specialty. Hospital volume was estimated by averaging the yearly number of procedures from 2004-2006 and multiplying by 20 to correct for the 5% sample, and was categorized into low volume (<50 cases per year) or high volume (≥50 cases per year). Physician specialty was determined from the Carrier files by unique physician identifier number (UPIN) for the index procedure.
Complications were defined as unplanned re-interventions and were categorized using a method modified by Morris et al (8) . Procedure codes were counted as a complication if they occurred during the index hospitalization to ensure that subsequent planned procedures were not incorrectly counted as complications. For any given day, secondary procedure codes were classified into one of the eleven categories of complications. These categories were assigned in a hierarchical order: 1) retained foreign body, 2) post operative shock or hemorrhage, 3) repair of organ injury, 4) arterial complications, 5) abdominal infection, 6) colon resection, 7) re-operative laparotomy, 8) bowel obstruction, 9) respiratory complication, 10)amputation, and 11) wound complication. Each complication type was counted only once to avoid counting the same complication that may have required multiple procedures. For example, a patient may have required multiple drainage procedures for a post-operative abdominal infection, but infection itself would only be counted as one complication. In addition, multiple re-intervention types occurring on a particular date were counted as a single complication based upon the hierarchy above. For instance, claims with procedure codes for wound complication and abdominal infection on the same day would be recorded as an abdominal infection. By this means complications with multiple procedural codes were not over-counted.
When other procedures occurred on the same day as the index procedure, they were counted as complications if the secondary procedure was not ordinarily anticipated for the index procedure. For example, a code for splenectomy on the same day as the index surgery would be presumed to be a direct complication of the surgery. However, a patient could have a code for femoral-femoral bypass which may be considered part of the index procedure if it occurred on the same day as the index procedure. If it occurred on a subsequent day it was considered a complication of surgery.
Analyzed outcomes included 30-day mortality (death within 30 days of the index procedure), and failure to rescue, defined as death after a post-operative complication requiring a secondary procedure. Variables were compared with Student's t test, chi square, or Fisher's exact test t-test when indicated. Data was considered statistically significant with a P-value ≤ .05. Multivariable logistic regression models were then used to determine independent correlates for treatment and outcome variables. Statistical analysis was performed using SAS version 8.0 (Cary, NC).
RESULTS
During the study period 2616 patients from the sample underwent intact aneurysm repair. The cohort was 75.7% male with a mean age was 75.8 +/− 6.5. Nearly all (93.9%) patients were Caucasian, and 8.5% of patients received Medicaid during at least a portion of the study period.
The index procedure was performed by vascular surgeons in 49.8% of cases. Index procedures were also performed by other specialists including general surgeons (20.3%), cardiothoracic surgeons (19.3%), and physicians with other or undefined specialties (10.6%). There were no significant differences in gender, co-morbidity or poverty between those treated by vascular surgeons and those treated by other surgeons (TABLE 1) .
On multivariate analysis (TABLE 2), only age greater than 85 was an independent predictor for receiving treatment by a vascular surgeon (OR 1.44, 95% CI 1.07 -1.93; p < 0.02). Vascular surgeons were significantly more likely to perform AAA repair at high-volume centers (53% vs. 35%; p<0.0001). Vascular surgeons performed EVAR with similar frequency compared to other surgeons (61% vs. 58%, p= 0.08).
Overall mortality for the entire cohort was 2.6%. Mortality did not differ for patients cared for by vascular surgeons compared to others (2.5% vs. 2.7%, p=0.65; FIGURE 1). Mortality was equivalent by specialty for both OAR and EVAR (TABLE 3) .
Mortality for patients requiring re-intervention was significantly higher than for those not requiring re-intervention (22.5% vs. 1.5%; p < 0.0001, figure 1). Mortality was also directly related to the number of reoperations required. Undergoing two or more re-interventions was associated with a significantly higher mortality compared to one required re-intervention (54% vs. 20%; p=0.0007, data not shown). Mortality was 50% after 2 or 3 re-interventions, and 100% after 4 re-interventions.
Post-operative complications requiring 152 re-interventions occurred in 142 (5.4%) patients. Re-interventions were more likely after OAR (9.5% vs. 2.7%, p<0.0001). The majority of complications were arterial (38%), respiratory (34%), or re-operative laparotomies (8.3%). There was no difference in reoperation rates between vascular surgeons and other surgeons (5.2% vs. 5.6%, p=0.65). Re-intervention rates after OAR and EVAR were similar for both surgeon types (TABLE 3) .
Despite equivalent need for reoperation among specialties, the mortality after reoperation was nearly half for patients treated by vascular surgeons compared with other specialties (16.2% vs. 32.3%; p=.04, Mortality rates after reoperation varied depending on the complication type, physician specialty, and patient age. With regard to complication type, mortality was highest after reoperation for bowel obstruction (80%), colon resection (67%), or amputation (50% ;  TABLE 5 ). Conversely, no deaths occurred after reoperation for wound complications, or abdominal infection. Differences in mortality based on surgeon specialty and complication type were largely accounted for by significantly lower mortality rates after reoperations for arterial complications for vascular surgeons compared to other specialties (30.8% vs. 52.0%, p=0.04, 
DISCUSSION
Prior studies have emphasized that factors mediating failure to rescue have not yet been elucidated (9) . This study helps to fill that knowledge gap by identifying a previously unrecognized relationship between physician level factors and failure to rescue after complications for AAA repair. Mortality differences in this cohort may be explained by differences in outcomes after arterial complications, suggesting that differences in rates of rescue after complications may be attributable in part to differences in specialty training.
Our findings confirm those of others that mortality is increased after complications. Dimick et al (3) demonstrated using Nationwide Inpatient Sample (NIS) that mortality for AAA repair was 10.4% for those with complications compared to 2.9% for those without. Morris et al (8) demonstrated that mortality increased with the number of complications requiring reoperation. The relationship between post-operative complications and mortality is complex. Increased mortality after complications can be due to either increased rates of complications or to alternatively poor management of the complications.
While some researchers have demonstrated an association between complication rates and mortality (10, 11) , others have demonstrated that patient demographics are more important determinants of complication risk. Once the complication occurs, other characteristics are associated with the mortality. Thus, variation in mortality may be ascribed to differing complication rates or failure to rescue (9, 12, 13) . Our data would support that both processes may be vital in defining quality. For example, mortality was associated with the number of re-interventions, and different physician groups had similar complication rates but variable failure to rescue after complications.
Similarly, Silber et al (14) demonstrated a significant association between failure to rescue and mortality even for procedures with low expected mortality. While surgeons have advocated that using mortality for operations with low risk is not a sensitive measure of quality, our study and others offer that failure to rescue may in fact be an ideal measure of quality for procedures with low expected mortality. Measuring failure to rescue may uncover differences in quality that are otherwise hidden by low overall mortality or complication rates. Although overall mortality rates and rates of arterial complications were no different between vascular surgeons and others, the likelihood of failure to rescue was one-third for vascular surgeons after adjusting for other variables.
Not surprisingly, we found that rescue after reoperation was in part dependent on the reason for reoperation. For example, re-operation for arterial complications was associated with a nearly 40% mortality, whereas re-operation for wound infection or dehiscence carried no additional mortality. These findings are concordant with those of Morris et al who found similar variability after colorectal surgery (8) . In addition, in our study patients with an arterial complication experienced significantly lower mortality if managed by a vascular surgeon (30.8% vs. 52.0%, p=0.01, TABLE 3). It is possible that specialized training allows vascular surgeons to have more familiarity with complex arterial disease, more rapidly identify arterial complications, and have a lower threshold for re-intervention before the consequences of the complication become irreversible. . This suggests the importance of having appropriate expertise in managing specific complications.
Other hospital level factors that have been proposed to impact failure to rescue include nurse to patient ratios, hospital size, availability of intensivists and other specialists, hightechnology equipment and training, and effective communication between medical personnel responsible for patient care (9) . Such resources would aid in rapidly diagnosing post-operative complications and then appropriately and optimally managing them. Examining these factors may be the subject of further research.
This study has certain limitations. Clinical data such as aneurysm extent, aneurysm diameter, and severity of co-morbid conditions may be important in determining treatment and outcomes but is not obtainable from administrative claims. The absence of clinical correlative data precludes comparing outcomes of all patients with aneurysms, as for example we could not correlate the risk of complications or mortality to aneurysm diameter or other clinical parameters. In addition, errors in coding may lead to inaccuracies. Miscoding of diagnosis or procedure codes may result in under-or over-reporting the condition. This is less likely for serious conditions requiring major procedures such as AAA (15) . Although inaccuracy in coding is a well-described phenomenon, previous studies have concluded that these data are accurate when patients are undergoing surgical procedures, procedures with risk, procedures requiring anesthesia, or procedures requiring specialized training (15) (16) (17) . Failure to code complications may result from variations in physician charting or lack of precise definitions for ICD-9-CM codes. However, specifically focusing on complications that require secondary procedures and by identifying them with both ICD-9-CM and CPT codes reduces the underestimation of complications significantly (8) . These procedures are generally performed to treat complications after the index operation (18) , and may therefore be a more valid measure of surgical technical care (8) and more appropriate for measuring surgical quality than medical or non-operative complications.
The greatest utility of identifying and measuring operative complications and variations in failure to rescue may be in surgical outcomes research and health policy (8, 9) . Accurately measuring complications and failure to rescue with administrative data may provide a valuable tool for assessing surgical quality, especially for low-risk procedures. While national policy efforts have been proposed to improve quality by minimizing complications, an equally important quality measure is the care patients receive once a complication has occurred. Identifying organizational, resource, and provider factors that impact the timely recognition and subsequent management of such complications is of critical importance in measuring and optimizing surgical quality.
In summary, complications requiring re-intervention dramatically increase mortality after AAA repair. Despite similar complication rates, vascular surgeons demonstrated lower mortality following re-intervention. Further work is necessary to more clearly define the role of specialty vascular care for improving rescue rates. The authors found that the 30-day mortality rate after elective abdominal aneurysmectomy in Medicare beneficiaries was 2.5% when the operation was done by a vascular surgeon and 2.7% when done by a general or cardiac surgeon. If, however, the patient had a post operative complication that required reoperation, the death rate skyrocketed, and a large gap in the mortality rates emerged when comparing the vascular surgeons with the cardiac and general surgeons.
WVS discussion
This study has implications. I have two questions.
Can you glean from the data why some patients went to vascular surgeons for their operations while others went to general or cardiac surgeons? In particular, were patients who lived in rural areas more likely to have their operations done by a local general or cardiac surgeon? Did it seem to be mostly a matter of convenience for the patients and families, not wanting to drive long distances for the preoperative evaluation and the post-operative follow up, not to mention the need for the families to find lodging near the hospital in the big city during the stay for the operation itself?
And second, what should we as a profession do with this information? The death rate in the patients with complications was 16%, when the operation was done by a vascular surgeon, which is uncomfortably high, but the death rate with the nonvascular surgeons, of 32%, is flat out distressing. We frequently talk about number needed to benefit when talking about a potentially beneficial intervention. In this case, one could talk about the number killed with an intervention. For every 6.25 patients with a post operative complication requiring a reoperation, one will die if the surgeon taking care of the patient is a general or cardiac surgeon, compared with a vascular surgeon. That should make any patient think twice. After all, one doesn't know going into an operation if a complication is going to develop.
I'm sure that there are many general and cardiac surgeons who do a good job with aortic surgery. And I assume that there must be some vascular surgeons who do a poor job. Thus it wouldn't seem fair to single out all general and cardiac surgeons and make it difficult for them to do these procedures.
On the other hand, I don't think that we can stand idly by and do nothing. One way to get at this problem might be to mandate participation in the National Surgery Quality Improvement Program if a hospital is going to be re-imbursed for aortic surgery. We should all be participating anyway, and it wouldn't be asking too much to set the bar a little higher when dealing with an operation that has the potential for having such disastrous results. The information from the NSQIP findings would allow a hospital to deal with problems, if they were present, and it would make the process fair. No one would be shut out of doing a procedure that he or she did well; and no one would be given carte blanch approval to do these procedures without scrutiny of his or her results.
In general, I don't like having the government impose standards on physicians. Better than having others do it, we, as members of the profession, could take the initiative. In either case, I don't think that these findings can be ignored.
Thank you Dr. Holcroft for your comments. Our data demonstrated that patients greater than age 85 were 55% more likely to be treated by vascular surgeons. Patient co-morbidity was not a factor. The impact of rural residence is the subject of another manuscript. To summarize, 15% of the cohort resided in rural areas and 15% resided in small towns. Regardless of residence, 93.9% of repairs were performed in urban centers. Although type of residence had no impact on the liklihood of being treated by a vascular surgeon (rural 48% vs. urban 50%; p=.82), rural patients were more likely to be treated in high-volume centers (rural 52% vs. urban 42%, p<.001). These results would suggest that for complex conditions such as abdominal aortic aneurysms, patients are willing to travel to receive quality care. Clinical factors such as the severity of co-morbid conditions or anatomic information were not available for analysis from this administrative dataset.
With regard to your second question, it remains important to have salient quality measures for aneurysm repair as new technology alters the skill sets required to perform a safe procedure. Setting standards becomes appropriate only after acceptable metrics have been defined. Recent improvements in mortality and complication rates make these measurements more difficult to use as benchmarks after AAA repair since many procedures would need to be performed before accurately measuring differences between hospitals or physicians. Our study adds to the body of research that failure to rescue after complications is an important quality measure. Differences in outcomes after AAA were explained by not the frequency but by the management of complications, most specifically vascular complications. Improved rescue after arterial complications highlights the importance of specialty vascular training when treating vascular conditions with potential vascular complications, and suggests that available vascular expertise is an important metric in defining quality AAA care. Complications and Mortality after AAA repairs Multivariate analysis of factors predicting mortality after re-intervention and re-intervention after AAA repair. 
